
‘t’
,,

NATIONAL ADVISORY COMMITTEE RX? AERC)NAU6KS c ‘=

WAnprn’m Rlwolrr
ORtGiNAUY ISSIED

June 1944 as
Advance Restricted Report 4F17

A COMPARISON OF THE EFFECTS OF FOUR-BLADE DUAL- AND

SINGLE -ROTATION PROPELLERS ON THE STABILITY AND

CONTROL CHARACTERISTICS OF A HIGH-POWERED

SING LE -ENGINE AIRPLANE

By Charles W. Harper and Bradford H. Wick

Ames Aeronautical Laboratory
Moffett Field, California ‘

PJACA
.,

.-, . . . . . WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

,L

,,

4

t

A-43
\



—

m. .

1’
(,

.,

‘,

!!

f

“.

3 117601364 s461
L_______ . -.— r

9 C.m

HACA ARE ~0. 4Y17 ?

●
✎☎

EAT IOJIAL ADVISORY OO14MITTR~ Fm KMRONAUTIOS

. . .. . . . . . ....-. ,.Tr

. . . . . . ,.Ff

ADVAHOIl RESZE ICTED RUORT

A COMPARISON OF THE EIH1’EC!MOr ~OUR-BLADM DUA& AND

SI19(31131-EOTATIOIJPROPELL~S O?J THJE STABILITY MD

COMTEOL OHLEUC!MUEIS!FICS OY A HIf3H-POWHR31D

SI19GLE-EIHQINE AIRPLAHlll

By Charles W. Harper and Bradford H. Wick

SUMMAEY

h 3/lS-scale powered model of the Douglas XSB2D-1
airplane was tented with a four-blade dual-rotation pro-
peller and a four-blade single-rotation propeller. To
make the results more directly comparable, no other
changes were made to the model. The characteristics of
the model were determined for a number of different op- -.
etia~tng condltione for each type of propeller. The dif–
ferencee in characterlmticm are examined, and e~lanations
are advanced where possible. Although the res-ults are
directly applicable only to the XSB3D-1 model, It Is felt
that they are Indicative of what might be expected from a
simil~ change in propeller type on any other high-powered
single-engine airplane.

The longitudinal stability of the model was found to
be eomewhat leEs with the dual-rotation propeller than
with the singl~otation propeller. This was due partially
to an Increase in the destabilizing propeller forces and
partially to an increase in the extent of the ta~l im-
mersed in the slipstream and the attendant destabili51ng
efi?ec+s. ..

.,,, .,.,.The dire.ctlogal+ chqracteristios were most affected
by the change in propeller type.

. ... .
9!he”differ6nces between

the characteristics in yaw with a dual-rotation and with
a elngle-rotation propeller Installed are shown to be al-
most wholly due to the rotation of the reeulting slip-
stream. Yrom reeulte of teets with the eingle-rotation
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propeller installed, the available yaw range was found
to be asymmetrloally disposed about zero yaw and a signi-

“floant yawing moment was found to ‘exist at szero yaw at
all but the lowest power condition. E’rom results of tosta
with the dual-rotation propeller installed, the available
yaw range, while not significantly changed in magnitude,
was found to be symmetrically disposed about zero yaw,
and zero yawing moment was found to exist at sero yaw for
all power conditions.

No difference of any consequence was found between
the lateral aharacteristlos of the model when tested with
a dual-rotation propeller and when tested with a slngle-
rotation propeller.

Il?TRODUCTIOEl

Tests of a 3/16-scale powered model of the Douglas
XSWD-1 airplane with a four-blade single-rotation pro-
peller revealed a number of characteristics considered
undesirable from a flyln~qualities standpoint. Most of
these could be traced directly to effects Induced by the
relatively high power of the airplane (2100 hp, military
rating). The desirability of adopting a dual-rotation
propeller In order to improve the airplane characteris-
tics was discussed at the time of the tests made with the
singl-rotation propeller. Hence, at the request of tho
Bureau of Aeronautics, Navy Department, the investigation
with a four-blade dual-rotation propeller reported herein
was conducted. To separate as completely as possible tho
effects due to a change In propellers, the model remained
essentially unohanged. It is felt that these results,
while specifically applicable only to the XSB2D-1 air-
plane, are indicative of what might be expected on any
s“ingle-engine airplane.

The primary ohanges in the airplane characteristics
anticipated from the use of the dual-rotation propeller
were those due directly to the removal of the rotatlmn
from the slipstream. With the singl+rotation propeller
,th$?.,rotatlo,?.yas su~ as to require 19° ofrlght rudder de-
fleotlon (85 percent of the”aviilable deflection) to hold
the airplane at zero yaw in wave-off (i.e. , a condition
resulting from an unsuccessful landing attempt wherein
full power 1S applied at minimum speed glvlng maximum
valuee of thrust and torque). Alleviation of” this rudder
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deflection requirement is most desirable since the posi-

- ti~e yaw attainable 1.sunduly. -?estrlcted. Surveys at

i the hinge line of ths horizontal tail showed the asym-
metric distribution of the downwash whloh normally results\

}

from the rotation of the slipstream of the singl+rotatlon
propeller. (At the wave-off torque coefficient helix

1 angles aO great as 11° were measured.) It waO expected
that the effective downwash angle at the tail would be
altered but whether favorabl~ or not could not be predicted.

A change In the looatlo~ @f the slipstream was also
expeoted from the change to a dual-rotation propeller. !l%e
surveys taken with the aim@e-rGtation proPeller oPeratin#
showed that the greater pe~oq~tage of the slipstream flowed
over the right side of the tail. !Ehis resulted In the
vertical surface paesing out of the slipstream at small
(~8°) angles of pogitive yaw and large (g 16°) angles of
negative yaw. At the point w’here the tail passed out of
the higher dynamic pressure of the slipstream, the yawing
moment contributed by the tail decreased and directional
instability resulted=. It was expected that, with the duEJ–
rotation propeller, the slipstream would be symmetrically
disposed about the tail at %ero yaw. The angles at which
directional instability began to develop would be the same
in both positive and negative directions of yaw. B’tirther,
as the airplane was yawed, the slipstream deviated In the
direotlon of flow of the surrounding air and reduced the
dihedral effect. Qo what extent this would be altered by
the dual-rotation propeller was unpredictable. The change
in the slipstream location would also affect the effeo-
tive dynamic pressure and downwash angle over the hori-
zontal tail, but the magnitude and direction of the ohange
o.ould not be foreseen.

I
The test results presented in this report are for “

those conditions believed to show most clearly the dif-
ferences in characteristics dependent on propeller type,
and “for each propeller similar test conditions were ohosen.

1
j MQD31L....

The model used for the tests was a 3/16-scale powered
model of the Douglas XSB2D-1. It was a single-engine
scout-bomber type with an inverted gull-type wing. The
wing section from the root to the break in dihedral angle
was a modifies ETACA 65,>2518 section whioh tapered to a
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modified NACA 65,%2515 section at the tip. Douglas-type
. 2&percent-chord varied flaps extended from the fuselage
to the ailerons. Whenever the flaps w6re extended, the - ...
tricycle landing gear was also extended. The ‘wing chord
line had 2° of incidence with respect to the thrust line
“and had no geometric twist. With the exception of those
tests made to determine dCm/dit all teats were made
with the horizontal tail at O* of incidence with reepect
to the thrust line, Yor all tests the cowl and oil-cooler
flaps were open 6°. .

Throughout the tests t~e model had transition fixed
along the l~ercent-ohord line on both the upper and
lower surfaoes and exteqdi~ to a point 0.28 semispan from
the plane of symmetry. The vertical fin had 0° offset
with the dual-rotation propeller and -2° offset with tho
$in~l+rotation propeller.

The propeller blades used wore models of the Hamilton
Standard design number 6457A-6, These have a high-speed
(MACA 16 ser~os) seotlon and HACA cuffs.

~igure 1 is a three-view drawing of the model. rl~
ures 2 and 3 show the model with the single-rotation and
with the dual-rotation propellers, with the flaps re-
tracted and. with the flaps extended to 38°.

When received, the model waa equipped only for single
xotabion. In order to accommodate the dual-rotation
mechanism, a new 00W1 was made on which the leading edge
was moved slightly aft from its location on the original
cowl ● A new spinner, slightly longer than the original,
was required to cover the two hubs and the reversing
mechanism. 11’igure4 shows the relative locations of the
single- and dual-rotation propeller disks, all with re-
spect to the center of gravity of the airplane. It wae
necessary to I?Crease the over-all propeller diameter
from 28* to.30~ inches on the dual-rotation propeller.

The single-rotation. propeller was set at a blade
angle of 21° and the dual-rotation propeller (both rear
and front blades) was set at a blade angle of 21.6°.

~ With.the dual-rotation propeller installed, surveys were
taken with a yawmeter immediately t)ehlndthe rear pro-
peller disk. Yor all values of V/nD and any radius
less than .O.96R the twist in the slipstream was found
to be zero.

.— --- ..- —-
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TESTS MD RESULTS
. . ... . .

Tests with each propeller were made at several values
of thrust coefficient, and. the teet results were then :
moss-plotted to obtain the varlatlou of the desired char-
aoterietics with lift coefficient for several constant
power conditions. l!he variation of thrust ooeffiolent
with lift coefficient for the ehoeen power conditions (40
percent take-off power, 92(3 hp; normal rated power, 21~hp+ ~
and 100 percent takeoff power, 2300 hp) is shown in fig-
ure 5. l!he variation of lift coefficient with the angle
of attack for each of the chosen power conditions and for
the flaps unreflected and deflected to 38° is shown in
figure 6. Yigurss 7 to 9 show, for similar conditions,
the variation of the pitching-moment coefficient w~th” the
lift coefficient. The variation with angle of attack of
the effective dynamia pressure at the horizontal tail as
determined from the ratio of (dCm/dit )Power on to the

(dCm/dit)Power off is shown in figure 10. Yhe varl~

tlon of the effective angle of attack of the horizontal

Cm ail
tail as determined from the relation . * . . iS shown

in figure 11.

Yaw tests
with the flaps
several values

(dcm/dit)

were made at several angles of attacw,
retracted and with the flaps extended, at
of thrust coefficient, and for several

rudder deflection. Since the test results shoved that
the effects of the propeller type varied only in magni-
tude with the angle of attack and angle of flap deflec-
tion, only that condition showing the greatest effeot Is
presented here. This was the approaoh condition with
the model at 7.6° angle ef attack in the wind tunnel,
the landing gear extended knd the flaps defleoted. to 38°.
Tigures 14 to 16 mhow the effect of power and of the pro-
peller type on the variation of rollin~moment coeffi-
cient and yawln~moment coefficient with angle of yaw.
These characteristics only are presented since they alone
were affected by the change In propeller.

The test results are presented in standard IJAOA
coefficient form and are referred to the stability axes,
Model dimensions used are listed in the following table.
It should be noted that for the dual-rotation propeller
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the thrust ooefficlent T= IS based on the increased
propeller-disk area. All ooefflolents have been oor-
rected for tares and for win&tunnel-wall effeots.

6“

b apan, feet. . . . . . . . . . . . . . . .

s area, aquarefeet . . . . . . . . . . . .

z mean aerodynamic chord, feet . . . . . . .

D pro eller diameter, feet
Talngle-rotation propeller) . . . . . .
(dual-rotation propeller) . . . . . . .

8.438

13,181

1.627

2.876
2.62

T=
Te

effective thrust coefficient = —
pVaDa

Te meaaured thrust at 0? angle of attack, pounds

DISOUSSI02J

Longltudlnal Stability

The power-on static longitudinal atabllity of the
airplane has been shown to be a function of the following:

(1) The direct propeller forces , normal to and
along the thrust line

(2) The effect of the slipstream on the pitching
moment of the win~fuselage combination

(3) Tbe rate of change of effective downwaah angle
at the horizontal tail

(4) The rate of change of the effective dynamio
pressure at the horizontal tail

B’or each of the Ohoeen power condltione and for the
flapa at 0° and 38° these effects have been separated,
and for eaoh power oonditlon the magnitude of the effect
with the dual-rotation propeller and with the aingl-
rotation propeller la compared. Flgurea 7 to 9 show the
build-up of the final power-on stability ourvea accom-
plished by adding to the power–off stability curves the

—— —..-. .. . . —. .—
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~~i-ous power effects. The etability curve thus obtained
is also compared with the -experimentally determined curve.
Figure 12 and 13 oompare the magnitude of the various
power effeots f6r--e-achpropeller in terms of ACm ~d
shift of the neutral point.

Zhe direct propeller forces inoreased with angle of
attack and with power an predicted from theory. Zhelr
magnitude, however, was considerably greater than that
predicted. Yrom tbe data available it wae impossible to
aeoertatn the origin of this difference. The pitohin~
moment increments due to the direot propeller foroes of
the dual-rotation propeller are, at low values of lift,
equal ton and at higher values of lift, as much ae 20 per-
oent greater than, thoee due to the elngl~rotatlon pro-
peller. The direct propeller forcee were responsible for
about 50 percent of the destabilizing effects due to power
when the flaps were unreflected and for about 30 peroent
of the instability when the flape were deflected to ~8°.

It has been assumed that the slipstream had no ef-
fect on the etability of the win-fuselage combination
when the flaps wero un~eflectod. With the flaps deflected,
their negative pitohing moment was Increased with increa~
ing lift and the accompanying higher dynamic pressure in
the slipstream. This stabilizing effect was sufficient
to overcome about 30 percent of the total destabilizing
effeots due to power. This effect was elightly greater
with the dual-rotation propeller, probably due to the re-
moval of the elipetream rotation.

With the flaps undefleoted the Increased rate of
change of downwash angle at the tail (fig. 11) acoounted

< for about 50 percent of the destabilizing effects due to
power. The effect Ie almost directly proportional to the

‘;: power simulated. With full power the two propellers have
an almoet equal effect; at the”lower power the dual-rota-

,: tlon propeller wae elightly less destabilizing than the

1
eingle-rotation propeller= At the higher angles of at-
taok it can be seen that the horizontal tail surfaoe was
very nearly at zero angle of attack, When the flaps were
wxt~nded to 38°, the change in the downwaeh angle at the-
tail due to power acootited for about 20 percent of the
total destabilizing effecte of power. The rate of change
of downwash angle with the model angle of attack was not
greatly increased with the increaee in power (fig. 11),
nor dld a significant difference exist between that meae-
Ured with the dual-rotation and with a single-rotation
propeller. Zhe most important effect of the change in

II
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dowriwash waa that it held the horizontal tall at large
rie’gative angles of attack.

The effect of the increased dynamic pressure was al- ,
most negligible when the flaps were dndeflected (fig. 12].
At low lift coefficients only a small increase In dynamic
pressure was Indicated, and at the higher lift coeffi-
cients, when the dynamic pressure was measurably increased,
the tail wae at almost zero angle of attack. With partial
power, when the tail had positive lift, the effect wag
slightly stabilizing. With full power, when the tail had
negative lift, the effect was slightly destabilizing.
When the flaps were deflected to 38C, the increase in d-
namic pressure became the most powerful destabilizing
factor (figs. 8 and 13), because the tail was c~rYing
negative lift. With full power and the dual-rotation
propeller, this effect accounted for 50 percent of the
total destabilizing effects of power. With the single-
rotation propeller the effect was lees because of a 20-
percent lower effective dynamic pressure, despite a 1°
greater negative effective ~gle of attack at the tail
(fig. 11): It accounted for only about 35 percent of the
total destabilizing effects of power. At the lower power
similar results existed but of a lesser magnitude.

With the center-of-gravity location assumed (0.25
M.A.C.) the tall would be required to carry but little
lift to trim. If a efficient rearward movement of the
center of gravity occurred, the tail would be required
to carry an appreciable upload at all times. In this
caae the Increased dynamic proasure would exert a power-
ful stabilizing effect. To illustrate the magnitude of
this effect, the effects of power on the atabllity have
been separated for a caae of the elevator defl~cted to
5° (fig. 9). Here, throughout the angle-of-at~ack range,”
the tail waa carrying poeitlve lift. The incseaged dy-
namic preaeure waa able to overcome about 20 percent of ,
the destabilizing effects of power In this condition. “

No aigniflcant change In either elevator effective-
ness or elevator hinge moment waa meaaured after Inatalle
,tion of the dual-rotation propeller other than the Increase
to be expected from the higher dyntilc pressure experi-
enced at the horizontal tall.

Gonstdering the effects as a whole, it can be seen
that with the flaps undeflectad, power wag sli@tlY more

,
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destablllxlng with a dual-rotation propeller beoause of.,‘
larger propeller forces. Vith the flaps defleoted to 38°.G

““#io’at”eriai%ability wag shows with the dual-r etatioa pro-
? peller. partly due t~ greater propeller forces , but , to a

f
greater exteat, due to a higher effective dyaamio preenure

i

aottag oa a hor$soatal surface vhioh was carryiag nega-
tive lift.

b
●

~ireetioaal Oharaoteristlcs

The effects ef power. oa the aireotioaal oharaeteris-“
ttoe of aa airplaae aro a funotion of the followiag:

(1) The propeller foraes noimal to the thrust Iiae

(2) %he effect of the slipstream on the directional
oharaoteristios of the wia~fuselage cembl-
aat ion

(3) The change la the mgle of sidewash over the
vertical eurfaoe iadueed by rotatioa la the
slipstream

(4) Zhe increase in dyaamlo pressure over the verti-
cal surface

(5) The disposition of the slipstream with re?peot
to the vertical surface

La aotea earlier, the simulated wave-off oonditioa wan
ohoeea for presentation here since at this condition the
highest thrust and torque aeefficients occur aad the
above effects were feuafl to be almost wholly a funetlon
of these two faotors and essentially iadepeadeat of aagle
ef attaok and flap deflection. While, ualike the longi-
tudinal Oharaoterlstics, It is impossible to separate
quaa%ltatlvely the offecte of the varieuo factors, It 18
pocsibla from the results to infer to a oeasiderable e&
tent their Inilividual effects. Figure 14 presents the
effeots of full power (wavo-eff aonditloa) aad of tail
eurfaees on the yawin~moment oharactertstics of the
model w.ith.a au~l-r,p.tqtloa.an~ wdth a siag~~retatioan

t
repeller. ~igure 15 shows the effeot of full power
wave-off condltlon) aaa of the dual- aad eingl-otatioa

propeller on the ruader control,

Yrom the data at hand it was impossible to separate
the direot propeller forces aaa the slipstream offeot en



F!
. . .

14

MACA ARR Ho. 4Y17 ..10

and the fueelage. The summation of their effects may be
..- seen in the rotation and the displacement of the curves of.“

the variation of yawin~moment coefficient with angle of
yav ● Whereas full power rotates the curves an almost iden-
tical amount (AdOn/d~ = 0.0013) with both types of pro-
peller, the single-rotation propeller caueed a shift in
the yawin~moment coefficient at zero yaw (from O to -.”
-0,017) which did not occur with the dual-rotation pro-
peller (fig. 14). The first effect probably Is due to
propeller forces normal to the thrust line plus the effect
of the slipstream on the wing and the fuselage. The seoond
effect is due to rotation of the slipetrdam In one ease,
aln”ce helix ~gles a~ great ae 11° were meaaured at the
corresponding thrust coefficient, and to lack of rotation
In the other.

With the tail installed, both propellers increased
the directional stability (from dCn/d~ = -0.0017 to

dCn/d* = -0.0035), when operated at a thrust coefficient
corresponding to full power. This would Indicate slip-
stream of about equal intensity from the two propellers,
It Bhould,~e:.notBd that this Increaso In directional
stability is not a true measure of the effectiveness of
the vertical surface. It has been shown that, with full
power and with the tail removed, both propellers in-
creased the directional instability. The vertical sur-
face, therefore, overcame this additional instability as
well as incheased the power-off directional stability.
TO do this, the vertical surface eupplied at least twice
as great a yawln~moment coefficient with propeller op-
erating as it did with the propeller removed. As wae
found with the tail removed, the single-rotation propeller
Induced a yawing moment at sero yaw (Cn = -0.038) while

the dual-rotation propeller did not - the yawing moment ‘“
at sero yaw remaining essentially =erom This is probably
the most significant change in the airplane characteris-
tics that reeulted from inetallatlon of the dual-rotation
propeller. It is evident from figure 15 that, with the
dual-rotation propeller, adequate directional control iS
maintained at all powers and in poeltlve or negative yaw.
In-bontrast, with the single-rotation propeller the nega-
tive yaw available is inordinately high (<-30°) -d the
poeltive yaw is undesirably low (50). A rudder deflec-
tion of - 19° is required to hold sero Yaw.

previoue analyeee have shown that the location of
the slipstream at the tail has a powerful effect on the

.—.. —-
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diret!tional charaoterietiee of an airplane. The effec-
tiveness of the ~ertleed surfmee dre~ped as it passed out
Q$ the eltpntream. With appseaiable power directional
instahlllty resulted, slnoe the yawing moment provided by
the vertical surfaoe wae insufficient to overoome the un-
stable yawing moments due to propeller forces and to the
wing-fuselage combination (fig. 14). If the airplane
reaohes trim before this occurs, it becomes a matter of
small oonsequenoa. If, however, the vertioal aurfaae
paeses out of the slipstream before the airplane reaches
trim, high angles of yaw will be encountered with full
rudder deflation. With the single-rotation propeller
the vertioal surface passed out” of the slipstream at about
-23° yaw and 15° yaw, indicating an asymmetry of slip-
stream location (fig. 14). With full (25°) positive rud-
der deflection, a eonditlon of zero yawing moment wae not
reaohed before the vertloal surface moved out ‘of the slip-
stream. Yaw angles of greater than 2iO” were required to
reaoh this trimmed oondition. Yhe ellpstream from the
dual-rotation propeller was symmetrieall g located, and the
vertical surface passed out of it at *16 yaw. Beaause no
yawing moment was required to hold sero yaw, the model
could be trimmed in yaw at A17° with full-rudder deflec-
tion before the vertical surface lost its effectiveness.

Lateral Stability

The major e$feat of the dual-ro%ation propeller was
to make the lateral stability of the model symmetrical
about xero yaw. No significant improvement in.the sta-
bility over that e~erienoed with the single-rotation pro-
peller was observed.

Vlth both types of propellor, power had a destabiliz-
ing effeot upon the lateral stability of the model. The
destabilizing effect Inoreased with lift coefficient and
with power. !Che dual-rotation propeller gave evidence of
having the greater effect, particularly at negative angles
of yaw. The origin of this destabilizing moment has.been
shown to lie In the diversion of the slipstream over the
trailing wing when the model was yawed. The inoreased
lift engendered by the slipstream was thue placed so as to
produoe a destablising force the moment arm of which ln-
areased as the model was yawed. @ investigation was ma~e
with both the elngle- and dual-rotation propeller in-
stalled to determine the location of the slipstream on the

——
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at warioua angles of yav. !Che results (fig. 17) ghow
the slipstream moved aoro”ss the wing in almost exaot-

ly the same ;~ner with either propeller: Slnoe it has
been shown that this effect produces the ma~or change in
lateral stability, it might be expected that any change
due directly to propeller type would be of secondary im-
portance. E~eriment bore out this conclusion in that
the measurable differences between the results from the
two propellers were minor and could not be traced to one
source but appeared to be the summation of a number of
secondary effects,

With neither propeller did the reaction torque ap-
pear”in the rollin~moment results. Zero slipstream twlet,
the necessary and sufficient condilrlbu~fcrno reaction torque,
has already been shown to have existed with the dual-
rotation propeller. Predictions based on theory (refer-
ence 1) and experiment showed that with the single-rotation
propeller the reaction borque was alnost wholly compensated
for by the stralghtenlhg of the propeller slipstream by
the wing.

!Che wave-off condition has been chosen for a quanti-
tative discussion because it shows most strongly the ef-
fects of power on lateral stability. Figure 16 shows
these results for the single-rotation propeller. With the
tail off, the lateral stability (dC1/d~) waG changed from -

qbout 0.003 (near $= O) to 0.001 with 40 percent take-off
power and to -0.0005 with 100 percent take-off power. 1?or
tho power-on conditions the stability over a narrow range “
of yaw was considerably improved by the addition of the
tail. horn a value of 0.003, ~ower off, the stability
changed only to 0.0015 with 40 percent take-off pcwer and
to 0.0005 with 100 percent take-off power. This stabiliz-
ing effect of the tall was found to extend only slightly
into the range of positive yaw (10° or less)~ but the ef- .
feet extended at least 5° farther into the range of nega-
tive yaw. At high Palues of pcsitlve or negative yaw the
lateral stability approached that of the tall-off condition.
It will be recalled frcm the directional-stablllty results
that the slipstream was found to be displaced sc that the

-. tail. wae affected by it to higher values of negative than
of positive yaw. It would appear from this that the tail
will exert a stabilizing effect seater than that expected
from Its dihedral (7°) -d span (20 in.) vhen at IS In the
slipstream.

I it -.— .-..
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Figure 16 (oonoluded) ohows the effeots of power and
of -the tail surfaoes when-the dual-rotation propeller was
Inetalled. With the tall off the lateral ctabillty was
ohanged from about 0.0028, power off, to 0.0007 with 40-
percent take--off power and -0.0008 with 100 peroent take-”.
off power. As with the single-rotation propeller, the
addition of the tail increased the stability over a limited
yaw range, which was, however, aymmetrioally placed with
respeot to zero Z8W. Yrom a value of 0.0028, power off,
the stability decreafled only to 0.0016 with 40 peroent
take-off power and 0.0006 with 100 peroent tak+off power.

The yaw range over which the tall had an appreciably sta-
bllising effect was about +6°. This again oorreeponds
very closely to the y-w range in whloh the vert~cal sur-
faoe remained in the slipstream and eervea to verify the
conjecture that the slipstream makes the tail a signifi-
cant stabilizing factor.

COllOLUSIOIM

The following conclusions oan be drawn as to the
comparable effects of the singl- and dual-rotation pro-
pellers:

1. In pitoh the dual-rotation propeller will be more
destabilizing because of its greater direct propeller
forces and beoause of a greater concentration of the eli~
stream at the tail with the attendant destabilizing ef-
feotf3m

2. The dual-rotation propeller will oause no change
i= dOm/d6e or dOhe/d6e from that existent with the

singlesotation propeller other than would be expeoted
from the slight inorease in ~/%J ●

3. In general, the same ohange in characteristics
in yaw with power may be expected with both dual- and
single-rotation propellers. Two important differences,
howeyer, will exist. Where appreciable asymmetry exists
betwe-enforo-test results at positive and negative
anglee of yaw with the aingl+rotation propeller, almost
complete symmetry will exist with the dual-rotatlon-pro-
peller. Where the application of power with the si.ngle-
rotation propeller will translate as well ae rotate tho
cmrves of propeller-off results, the applloation of power
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,vith the dual-rotation propeller will produce rotationm
only ~ This will result In-’t?ie”ellm-indtilon of the rolling
moment, yawing moment, and side force which exist at zeroL
yaw with the single-rotation propeller.

4. MO significant change in dCn/d~ or dCn/d8r will

be occasioned by a dual-rotation propeller.

5. No difference of any consequence will be found-be-
tween the lateral stability existent with the dual- or
single-rotation propeller.

&nes Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Moffett Field, Calif.

1. Ower ~., Warden, E., and Pankhurst, R. C.: Interim
190te on Win~Hacelle-A.lrscraw Interference. British -
A.R.C. 4572 (A.P.234) (Ae.166t?), June 6, 1940.
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NACA ARR No. 4F17 Figo 2
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LMgure 2.- A 3/16-soale model of the Douglas X8B2D-1 with

flaps retraoted and a single-rotation propeller.
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NACA ARR No. 41’17 Fig. 3

\
Figure 3.- A 3/16-scale model of the Douglas X8B2D-1 with.

flaps extended to 380 and a dual-rotation propeller.i!
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